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I.iforaiure Review of Smoking Behavior Articles 

Pulhicatinn Journal 

Title Citation ofl 

Size 


Journal 

Citation 


Duration 
of Sfgdv 


Study 

Objectives 


Deflnjtions 


Statisticai 

Analysis 


Consistency of 
Nicotine 
Intake in 
Smokers of 
Cigarettes 
with Vailing 
Nicotine Yieids 


F. 

Adlkofer, 
G. Sherer, 
A. Biber, 
W.D. 
Heiier, 
P.N. Lee, 
andH. 
Sohievelbel 


Nicotine 
Smuki^ 
and the 
Low Tar 
Programme 
(1989) 


Freq^ein^ and 
i NpMd^- 


Ashton, 

H., 

Watson, 
D.W., 
Marsh, R,, 
and 
Sadlers, J. 


British 
Medical 
Journal 
(1970, 
volume 3, 
Ip. 679-681)1 


Battig, K„ 
Buzzi, R., 
and Nil, R. 


Psychophar] 
maoology 
(1982, 
volume 76, 
Ip. 139-148)1 




Study I; 
200 male 
smokers 
(mean age 
26.0 years); 
Study 2:51 
male and 52 
female 
smokers 


IStiidy 1:3| 
weeks 
(blood 
drawn 
once a 
week); 
Study 2; 
24-36 
weeks 
(blood 
drawn 
every 4-61 
weeks) 


To determine 
within-person 
variation of 
nicorine intake j 


N/A 


36 smokers 
(IS females 
and 21 
males, lo¬ 
ss yeai's 
old) 


One time 


67 male and| 
43 female 
smokers (16] 
78 years 
old) 


90 minute] 
session 


To determine 
the effect of 
puffing on 
nicotine intake 
and 

compensation 


To compare 
puffing 
behavior 
quantitatively 
across smokers 
of different 
types of 
cigarettes and toj 
estimate 
inhalation by 
measure both 
CO yield of the 
cigarettes and 
CO levels in 
cApiratoiy tidal 
air 


N/A 


Puffing behaviar| 
- number of 
puffs, puff 
interval, puff 
duration, peak 
pressure, averagej 
and total putf 
volume 


Multiple 
regression 
techniques 
based on a 
mathematica 
1 

con^ensalio 
n model 


t-tests 


Correlational] 

analysis; 

factor 
analysis; 
discriminant 
analysis; and] 
partial 
correlation 
procedures 


Results and Conclusion 


Nearly one-third of the smokers take in relatively low amounts of nicotine, 
which suggests that these subjects do not smoke primarily for nicotine * 
Nicotine intake varied widely between smokers, but wasrather constant for 
each smoker * A major proportion of the smoking population compensates 
to a considerable extent, probably for nicotine, and thus might benefit fiximj 
a decrease in the tar/nicotine ratio in cigarettes * There is a statistically 
significant correlation between serum colmine and number of cigarettes 
smoked per day, although it is relatively weak * Smokers in the high and 
medium cotinine groups tended to have had a longer smoking career and 
reported inhaling more deeply than those in the low cotinine group * Mean| 
cotinine levels were higher in men than in women * Relatively weak 
associations of serum cotinine with either cigarette consumption or the 
nicotine yield of the cigarettes smoked were found * The magnitudes of the] 
compensation indices clearly demonstrate partial compensation * 
Compensation was more complete for smokers of lower yield cigarettes 

* Smokers of cigarettes with high-retention filters took more frequent puffs 
and obtained nearly the same amount of nicotine as smokers of cigarettes 
with low-retention filters, both while performing the tasks and during the 
resting period * Smokers of both types of cigarettes took significantly 
more puffs and obtained more nicotine per unit time during the resting 
period than during the tasks * It is possible that smokers automatically 
adjust the nicotine dose obtained from a cigarette to some "optimum" level 
which may vary with different activities 


* Puff shape, puff volume, and puff frequency accounted for about 50% of vnriation| 
obtained with the different puffing variables * Expiratory tidal CO levels incie-dseJ 
with the number of cigarettes smoked before the tests and with the intensity of the 
siiiokiilg habit, but pre- to postsmoking change in tidal CO differences were similar 
for smokers of all types of cigarettes * Volume corapensation for differences of 
smoke yield to the cigarettes was generally morep ronoimced in women than in 
men, and, additionally, it was more pronounced for cigarettes with standard smoke 
nicotine yield below 0,9 mg for both sexes * Only for women, partial correlation 
procedures suggested that nicotine might be more important in determining puffing 
behavior than CO and condensate yield, but there were also no women smoking the 
strongest cigarettes * Personality ratings, pulmonary {Unctions, and oardiovasculari 
functions were not, or only inconsistently, correlated with puffing behavior or type 

of cigarette 
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N.L.,etal. 



272 (122 


To determine 

whetlier or not 

New 

males, 130 


the measured 

England 

females. 


yield of a 

Journal of 

average age 


cigarette 

Medicine 

of 37, all 

One time 

corresponds to 

(1983, 

about to 

actual 

volume 

begin a 


consumption of 

309, p. 139 

smoking 


nicotine (As 

142) 

treatment 

program) 


measured by 
blood cotinine 
levels) 


* Nicotine concentration in tobacco inversely correlated with the 
concentrations measured by smoking machines * Blood cotinine 
concentrations correlated with the number of cigarettes smoked per day but 
Univariate not with nicotine yield * Because of long half-life, cotinine concentrations 
linear vary relatively throughout a day of smokign and thus are a consistent 

regression measure of nicotine exposure * Blood cotinine concentration si not a 

and perfect marker of nciotine consumption, because of individual variability 
hierarchical in both the conversion of nicotine to cotinine and the elimination rate of 
multiple cotinine itself * The main determinants of whether a cigarette has a low or 
linear a high yield in machine testing are the charactertistics of its ventilation and 
regression burning * These variables are under the control fo the cigarette smoker * 
Blood cotinine concentration is nto a perfect marker of nicotine 
consumption, because of individual variability in both the conversion fo 
nicotine to cotinine and the elimination rate of cotinine itself 



Clinical 

Pharmacol 


22 (13 men 
and 9 
women, 


Benowitz, and 9 

.,, , Therapy 

N.L.,and ^ women, 

Jacob,?. , ’ mean age o: 

volume 35, ^3 4 ) 

number 4, 

p. 499-504) 


Data 
obtained 
over 24 
hours, 
and then 
again over 
2 to 3 
days - 
urine 
collected 
once each 
day 


To determine 
the reliability of 
using certain 
measures, 
especially 
metabolic 
clearance data, 
to estimate daily 
intake of 
nicotine 


Paired t-test, 
ANOVA, 
linear 
regression 


* Translation of blood concentrations into intake is theoretically limited by 
the fact that metabolic clearance varies considerably front person to person 
* The best marker of nicotine intake and exposure was the blood 
concentration of nicotine measured at 4 PM, followed by the concentration 

at noon * 

Carboxyhemoglobin concentration at 4 PM and noon were the next best 
markers * The use of clearance measured ntravenous inftision of nicotine 
in tlie inteipretation of blood concentrations of nicotine during smoking 
will give a better estimate of nicotine consumption than would 
measurement of nicotine exposure during smoking alone * Cigarettes per 
day correlate with levels of carboxyhemoglobin or expired carbon 
monoxide, plasma or salivary concentrations of thiocyanate, blood levels 
of nicotine, and blood or urinary levels of cotinine * 

Urinary excretion of cotinine, which is less influenced by urinary flow and 
pH, was as good a marker as blood concentrations of nicotine 
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Nicotine Renal 
Excretion Rate 
Influences 
Nicotine 
Intake During 
Cigarette 
Smoidiig 


Benowitz, 
N.L., and 
Jacob, P. 


The 

Journal of 
Pharmacol 
ogy and 

Experiment 11 (8 men, 
al 3 women, 
Therapeuti mean age of 
cs (1985, 38) 

volume 
234, 

number 1, 
p. 153-155) 


Four 3- 
dat 

experirae 

ntal 

blocks 


To determine 
whether a 
smoker 

compensates for 
accelerated or 
reduced rate of 
elimination of 
nicotine from 
the body, how 
complete 
eomepensation 
is, and how 
much of the 
compensation is 
accomplished 
by consuming 
more or less 
nicotine per 
cigarette 



* Average nicotine blood levels were similar in placebo and alkali 
treatment conditions, hut were 15% lower in the acid loading condition * 
Despite the greater constiraption of nicotine in the acid treatment 
condition, average carbon monoxide level was lower during acid treatment 
* Carbon monoxide levels were not useful as an indicator of nicotine 
intake in this study * 

Urinary acidification increased renal clearance and, to a lesser extent, total 
clearance and increased daily urinary excretion of nicotine * Daily intake 
of nicotine was 18% greater during acid loading * The compensatory 
increase in nicotine consumption was only partial, replacing about half the 
excess urinary nicotine loss 


NicoSln* • 
Wtetafeolic. ,i 
Prctlfe Sn d 



Trausdef 

Nicotine 


Benowitz, 

The 

Jounial of 

Pharmacol 
ogy and 

N.L., 

Experiment 

Pe34on, J., 

al 

Fong, I., 

Therapeuti 

and Gupta, 

cs(1994, 

S. 

volume 


268, 

number I, 
p. 286-303) 


12 smokers 
(mean age 
of34) 


13 days 


To 

quantitatively 
assess human 
exposure to 
various 
metabolites of 
nicotine; 
examine the 
influence of 
inhalation vs. 
transdermal 
administration 
on the patterns 
of nicotine 
metabolism; and 
assess the extent 
of recovery of 
nicotine as 
various 
metabolites in 
people whose 
systemic intake 
of nicotine lias 
been measured 


Clearance of 
metabolites 
was 

calculated as 
dose/area 
under the 
concentratio 
n time curve 
(and other 
metabolic 
measurement 
s). paired t 
or Wilcoxon 
tests 


* A high percentage of a systemic dose of nicotine can be accounted for by 
measurement of nicotine and its metabolites * The pattern of metabolism is 
generally similar when nicotine is inhaled or absorbed transderraaily * 
While there is considerable interindividual variability in the pattern of 
metabolism the pattern is consistent for an individual Within individuals, 
the extent of conjugation of nicotine and cotinine is highly correlated, but 
neither is correlated with the extent of conjugation of 3'-hydroxycotiniue * 
Similar enzymes are likely to be involved in the conjugation of nicotine 
and cotinine and a different enzyme may be involved in the conjugation of 
3'-hydroxycotinine 
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Intcrindividual 
VariaWllty in 
the 

MetaboHsm 

and 

Cardtovascula 
r Effects of 
Nicotine in 
Man 


Benowitz, 
N.L., 
Jacob, P., 
Jones, 
R.T., and 
Rosenberg,I 
J. 


The 

Journal of 
Phamiaco! 
ogy and 
Experimentj 
al 

Therapeuti 

cs(I982, 

volume 

221 , 

number 2, 
p. 368-372)] 


14 male 
smokers 


30 

minutes 

before 

infusion, 

30 

minutes 
during 
infusion, 
and 90 
minutes 
after 
infusion 


To determine 
individual 
differences in 
metabolic and 
renal clearance 
of nicotine and 
the relationship 
between 
cardiovascular 
effects and 
plasma 

concentration of] 
nicotine 


N/A 


Repeated 

ANOVA 

with 

Newman- 
Keuls post 
tests, paired t| 
tests, and 
linear 
regression 


♦ Infusion of nicotine increased heart rate and blood pressure and 
decreased fingertip skin temperature in a manner similar to cigarette 
smoking * Skin temperature declined gradually during nicotine infusion 
and returned to baseline after infusion in direct relationship to plasma 
nicotine concentrations * Sensitivity of heart-rate acceleration to low 
concentrations of nicotine and rapid development of tolerance to higher 
concentrations suggests that this and perhaps other nicotine-mediated 
cardiac responses may not differ when smoking low compared to high 
nicotine cigarettes * The decline in skin temperature, reflecting cutaneous 
blood flow, was related to blood nicotine concentration Considerable 
interindividual variabilily in both metabolic and renal clearance, as well as 
volume of distribution, were noted * There was no significant correlation 
between initial concentration of cotinine and metabolic clearance of 
nicotine 


Nicotine 

Abaoi’ption 

iind 

Cardiovascuifl 
r Effiecls with- 
Stpokeless,;, 
Tobacco 




wifto 
Cigareftes «i@; 
NicoHne Gum 


Benowitz, 
N.L., 
Porchet, 
L., Lewis, 
S., and 
Jacob, P. 


Clinical 

Pharmacol 

ogy 

Therapy 
(1988, 
volume 44, 
p. 23-28) 


10 male 
smokers 


4 

successiv 

e 

mornings 


To compare the 
extent and time 
course of 
absorption of 
nicotine and 
cardiovascular 
effects of 
smokeless 
tobacco with 
smoking 
cigarettes and 
chewing 
nicotine gum 


N/A 


Repeated 
ANOVE 
with Tukey 
post hoc 
tests 


* Maximum levels of nicotine were similar but, because of prolonged 
absorption, overall nicotine exposure was twice as large after single 
exposures to smokeless tobacco compared with cigarette smoking * Ail 
tobacco use increased heart rate and blood pressure, with a tendency 
toward a greater overall cardiovascular effect despite evidence of 
development of some tolerance to effects of nicotine with use of smokeless; 
tobacco * Relatively low levels of nicotine and lesser cardiovascular 
responses were observed rvith use of nicotine gum 


Soiiiycs irf ■ 
Niootlne 



Benowitz, 
N.L, 
Zevin, S., 
and Jacob, 
P. 


British 
Journal of 
Clinical 
Pharmacol 
ogy (1997, 
volume 43, 
p. 259-267)] 


12 male 
smokers 
(average age] 
of 38) 


20 days (4 
treatments] 
of5 days 
duration 
each) 


To assess 
sources of 
individual 
variability in 
nicotine and 
metabolite 
plasma levels 
from these 
dosing systems 
and from 
various nicotine 
sources 


N/A 


Metabolic 
clearance 
analysis, 
simple and 
multiple 
linear 
regression 
analysis 


* There was considerable individual variation in plasma nicotine and 
cotinine levels and in the daily dose of nicotine absorbed from various 
systems, with most variability with nicotine nasal spray and least for 
transdermal nicotine * Plasma nicotine levels were determined most 
strongly by nicotine clearance * Cotinine levels were determined most 
strongly by dose of nicotine and, to a lesser extent, the clearance of 
cotinine and fractional conversion of nicotine to cotinine * 
Variability in plasma levels most likely due to wide variability in 
individual pharmoldnetics and in dose delivery firom the products 
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Bridges, 
R.B., et al. 


Pharmacol 

ogy. 

Biochemist 
ly, and 
behavior 
(1990, 
volume 37, 
p. 29-39) 


170 male 
smokers 
(mean age 
of37.8) 


One time 


To determine if 
differences in 
puffing 
topography 
were associated 
with cigarette 
yield and to 
determine the 
relationships of 
puffing 

topography with 
population or 
smoking history 
characteristics 
and smoke 
exposure or 
blood 

absorption (i.e., 
blood 

concentrations 
of thiocyanate, 
carboxyhemogl 
obin, nicotine or 
cotinine) 


* Of the puffing topography variables, interpuff interval appeared to be the 
primary determinant of blood concentrations of smoke eonstitutents * 
Smokers of low nicotine yield cigarettes partially compensated for these 
lower yields by increasing the total volume puffed per cigarette Observed 
ANOVA, differences in puffing topography associated with increased daily cigarette 
univariate consumption and ctimulative smoking history were consistent with a 
and higher smoke exposure per cigarette * Although both alcohol and coffee 
multivariate coitsumption are associated with present and cumulative smoking history, 
analyses coffee consumption is uniquely associated with differences in puffing 
topography consistent with a higher smoke exposure per cigarette * 
Neither coffee nor alcohol consumption histories added signficantly to the 
prediction of blood concentrations of smoke constituents over that 
obtained by smoking history and puffing topography 
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1 

Bums, 

D.M. 

US 

Consumer 

Product 

Safety 

Commissio 

n contract 

N/A 

N/A 

To review and 
give 

recommendatio 
ns for analyses 
of low-ignition 
cigarettes and 
toxicity and 
carcinogenicity 

* Toxicity - 
function of the 
concentrations ol 
toxic 

constituents 
present in smoke 
and amount of 
smoke inhaled 
and retained by 
smoker * 
Topography of 
smoking - 
inhalation profile 
of a smoker * 
Carbon 

monoxide - gas 
phase consituent 
useful as a 
measure of the 
depth of 
inhalation of 
cigarette smoke 
(half-life: 4 hr) * 
Hydrogen 
cyanide - found 
in gas phase and 
metabolized to 
thiocyanate 

N/A 

* A number of changes contemplated to reduce the potential of cigarettes 
(e.g., higher porosity paper, less densely packed tobacco, different tobacco 
blends) may alter the chemical composition of the smoke, potentially 
changing its toxicity and carcinogenicity, as well as topography * Any 
new agent added to the cigarette, and its pryolysis products, have the 
potential to increase the toxicity of the smoke or to add qualitatively 
different toxicities * smokers who smoke lower yield cigarettes 
compensate by changing puff volume and frequency * The short half-life 
CO in the blood means that the levels are heavily influenced by the 
intensity of smoking in the hours immediately prior to measurement * 
Nicotine and cotinine levels are veiy specific measures of exposure to 
tobacco smoke, and cotinine levels are the most widely accepted measure 
of smoking status and the amount of smoke retained is imprecise * 
recommends a brand-to-brand comparison of risk using machine testing, 
bioassay testing, a listing of additives used in the cigarette brand, and, 
finally, human testing 

4 
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, I 


A Further 
Study of FTC 
Yield and 
Nicotine 
Ab.sorptiun in 
Smokers 

’ ,i; 

Byrd, 
G.D., etal. 

Psycliophar 
macology 
(1998, 
volume 
139, p. 291 
299 ) 

72 male 
smokers 

3 days 

To determine 
the relationship 
between 
nicotine yield as 
determined by 
the FTC method 
and nicotine 
absorption 

* Compensation 
substantially 
increasing the 
actual smoke 
yield of thie 
cigarette relative 
to that predicted 
by the FTC 
method * 
Compensation 
hypothesis - 
smokers 
switching to 
lower FTC yield 
cigarettes smoke 
these cigarettes 
with increased 
effort (larger, 
more frequent 
puffs, deeper 
inhalation, etc.) 
to obtain the 
amount and 
quality of smoke 
to which they ate 
accustomed 

Linear 

regression 

analysis 

* The correlation of the relationship for nicotine absorbed per cigarette was 
positive and significant but weaker than in previous studies * Only 
smokers in the highest yield range showed any statistical difference from 
smokers in the lower ranges * FTC nicotine yield is weakly related to 
nicotine absorption * Smoker-controlled factors exert a great influence on 
the amount of nicotine absorbed by smokers * 

Compensation is substantial but incomplete for the minority of smokers at 
the low end of the yield scale 

3 


Caggiula, 
A,R., et al. 

Physiology 

and 

Behavior 
(2002, 
volume 77, 
p. 683-687) 

Review of 
several 
studies 

N/A 

To determine 

the role of 
nonpharmacolo 
gical factors on 
the use of 
nicotine 

N/A 

N/A 

* Direct, pharmacological actions of nicotine are necessary but not 
sufficient to explain either the high rates of self-administration exhibited 
by laboratory animals or cigarette smoking by humans * Tolerance to the 
autiociceptivc or coticosterone-elevating effects of nicotine, established by 
repeatedly injecting nicotine in one environment, was substantially 
reduced or completely eliminated when an injection of nicotine was given 
to the same animal in a different environment * The tolerance that 
develops imder normal laboratory conditions is significantly dependent on 
environmental stimuli that die animal associates with receiving the drug 
Acquisition of self-administration was also enhanced by combining neutral 
unconditional stimuli * Nonpharmacological factors may be more 
important in the drug taking behavior of female humans and rats, and 
pharmacological factors more important for males ♦ Studies demonstrate 
that nicotine produces only modest primaiy i eiufoicing effects, but potent 
enhancement of the reinforcing effects of other stimuli 
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Chamberla Medical 
in, A.T., Hypothesis Review of 
and (1985, several 
Higenborta volume 17, studies 
m,T.W. p. 285-297) 


To explain and 
support and new 
hypothesis on 
pulfmg intensitj 
and nicotine 
smoke 

concentration 


Intensity - 
encompasses 
variables such as 
puffing (puff 
volume and 
frequency of 
puffmg), 
inhaling (depth 
and duration of 
inhalation), and 
butt length 
(amount of 
cigarette left 
unsmoked) 


* Changes in puffing intensity during smoking are related not to the control of 
nicotine uptake but to the modification of cigarette smoke composition * Nicotine 
reduces the acute airway response to irritant components of cigarette smoke * 
Smokers may attempt to balance the amount of tar and nicotine in the smoke which 
they draw from a cigarette in order to facili tate inhalation of irritating smoke * It is 
the nicotine concentration in the particles of smoke, rather than yield, that is the 
. principal determinant of the amount of smoke inhaled * 

i-square while smoking a single cigarette, will alter their pattern of puffing in 

response to the increase in tar to nicotine ratio (and hence decline in nicotine 
concentration) that is known to occur as a cigarette is progressively consumed * 
When tar yield was controlled for, smokers of cigarettes with higher yields of 
nicotine puffed larger volumes of smoke from their cigarettes * There appears to be 
a relationship between the directions of change in cigarette smoke composition and 
volume-related mcMures of puffing intensity 



B P., Biological 
MacLeod, Medicine 
S., Udupa, (2002, N/A 
K.B., and volume 


To analyze the j 
genetics of | 
nicotine 
dependence and: 
its role on the 
development of 
pancreatic 
diseases 


Nicotine - a 
major 

component of 
tobacco and 
cigarette smoke 
and an addictive 
agent, 

cliaracterized by 
; the US Surgeon 
General as a 
drug of abuse * 
Acinar cells - 
programmed to 
respond to a 
given stimulus 
■with a 
coordinated 
release of 
secretory granule 
content 


♦Recent CY2PD6 genotyping studies seem to identify an association between 
efficient metabolizers, lung cancer, and moderate smoking exposure ♦Experiments 
show reduced numbers of D2 dopamine receptois in the brains of individuals with 
Al allele ♦Subjects with reduced numbers of dopamine receptors may use nicotine 
to increase brain dopamine levels * Lower production of 5-HTT produces lower 
levels of serotonin leuptake in individuals, which may produce neurotic effects that 
leave an individual more at risk for nicotine dependence *Higher activity of COMT 
or MAO enzymes could lower dopamine levels *Uiinary amylase levels higher in 
smokers *Smoking can result in decreased volume and bicarbonate output by the 
pancreas, forming duodenal ulcers in humans *Pancreatic enzymes are elevated 
with either smoking or nicotine * Nicotine induces effects via signal transduction 
pathways in the pancreatic acinar cell, leading to enhanced levels of intracellular 
calcium release, resulting in cytotoxicity ♦Activation and expression of 
protooncogene, H-ras, can increase cytosolic calcium 
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American 



Coultas, 

Review of 

29S 


D.B., 

Respiratory 

smokers 


Stidley, 

Diseases 

(39.6% 

One time 

C.A., and 

(1993, 

males and 

Samet, 

volume 

60.4% 


J.M. 

_I 

148, p. 435 
440) 

females) 



To determine 
the relationships 
between yields 
of cigarettes 
currently 
smoked and 
levels of 
salivary cotinine 
and end-expired 
carbon 
monoxide 


Spearman 
correlation 
coefficients 
and multiple 
linear 
regression 
models 


* Spearman correlation coefficients between the current number of 
cigarettes smoked and cotinine or carbon monoxide were higher than 
correlations between the Federal Trade commission nicotine data and these 
same markers * Correlations between FTC tar and carbon monoxide yields 
and the biologic markers were similarly weak * The current number of 
cigarettes smoked was the most important predictor of cotinine and carbon 
monoxide level * Males tended to have higher level of biomarkers and 
smoked more cigarettes per day than females * Hispanics tended to have 
lower levels of biomarkers and smoked less cigarettes per day than non- 

Hispanics 
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I Diding, N. 


Intemation 
al Journal 
of Clinical 
Pharmacol 

ogy. 

Therapy, 

and 

Toxicology 
(1987, 
volume 25, 
number 3, 
p. 143-147) 


To review 
recent studies 
on plasma 
concentrations 
and the 
application of 
pharmokinetic 
parameters in 
human 
smoking, 
specifically 
looking at the 
topics of 
smoking 
behavior, self¬ 
regulation and 
compensation 
when switching 
between 
different brands, 
and the 
relationship 
between in vitro 
machine 
smoking yields 
and actual 
human uptake 


* The widely believed opinion that cigarettes with low yields, when in 
vitro tested, are less hazardous, must he questioned * For the majority of 
cigarette brands there is no defensible correlation between in vitro 
analytical machine yields and actual uptake and bioavailabiiily * In one 
study, 52 percent of smokers admitted to having blocked the ventilation 
holes of low-yield cigarettes * A second study demonstrated that smokers 
automatically adjusted the actual nicotine dose of intake to some "optimum 
value" * In another study, plasma nicotine and COHb concentrations 
showed that the smokers compensated downward or upward for a switch to 
high yield or low yield cigarettes, respectively, for about two-thirds of the 
difference in standard yields when switched to either hi^ or low-nicotine 
cigarettes * In yet another study, plasma nicotine and cotinine levels 
demonstrated that subjects' compensation was partial and averaged 36 
percent * One study showed that average nicotine intake per cigarette did 
not correlate with machine-determined yield 
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Epstein, 

L.H.,etal. 


Study 1:6 
smokers in 
smoking 
reduction 
program (3 
Behavior males and 3 
Therapy females, 
(1981, mean age 
volume 12, 31.8 years) 
p, 507-519) * Study 2:7 
smokers (2 
males and 5 
females, 
mean age of 
13.5 years) 


* Study I: 
One week 

to 

establish 
baseline, 
once per 
week 
during 
withdraw 
al, and at 
2 -week 
and 6- 
wcck 
intervals 
after 

treatment 

* Study 2: 
two 2- 
hour 


To better 
understand 
nicotine 
regulation by 
Studying puff 
patterns of 
smokers when 
they are 
smoking 
cigarettes that 
vary in nicotine 
yield, or when 
they have the 
same cigarette 
available but 
serum nicotine 
levels are 
lowered during 
withdrawal or 
deprivation 


ANOVA, 

Pearson 

product- 

moment 

correlation 

procedures 


* There were adjustments in smoking behaviors when cigarettes that vary 
in nicotine delivery were used, but not when serum nicotine was modified 
by withdrawal or deprivation * Inhalation patterns of individual cigarettes 
may not be sensitive to fluctuations in serum nicotine, while they arc 
sensitive to cigarettes that vary in nicotine yield and draw resistance * 
Subjects take significantly more puffs on the low nicotine cigarette, smoke 
at a faster rate, hole each puff longer, smoke the cigarette in less time, take 
more total volume, and more volume/puff * Bach subjects showed greater 
intake of the low nicotine cigarette than the high nicotine cigarette * Both 
group and individual results suggest that smoking behavior is stable across 
withdrawal phases * There were no differences in smokmg topography in 
smoking the terminal cigarette after smoking four or no cigarette.s during 
the two hours 
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Etter, J., Preventive 
Kozlowski Medicine 
, L.T., and (2003, 
Pemeger, volume 36, 
T.V. p. 92-98) 


To assess the 
knowledge of 
smokers and ex¬ 
smokers about 
494 light cigarettes 

smokers and and nicotine 

exsmokers One time yields and their 
(49% male, survey perception of 
average age the risk of lung 

of 40 years) cancer, and to 

identify the 
characteristics 
of smokers of 
light cigarettes 


Nicotine and tar 
numbers printed 
on cigarette 
packs represent 
nicotine or tar 
yields in smoke 
under artifical 
smoking 
conditions, not 
the content in 
cigarettes of 
nicotine and 
Other compounds 


ANOVA, t- 
tests. Chi- 
square tests, 
and 

multivariate 

logistic 

regression 

model 


* Participants estimated that one would have to smoke low light cigarettes 
or four ultralight cigarettes in order to inhale the same amount of nicotine 
as that in one regular cigarette * Most parlicipauts answered that the risk of 
lung cancer was the same between light and regular cigarettes, though 27% 
believed that the risk was lower * Most people believed that the number of 
milligrams ofnicohne printed on the cigarette packs indicated nicotine 
contents of the cigarettes and not machine-determined yield in smoke * In 
a multivariate model, smoking mild, light, or ultralight cigarettes was 
associated with females, a lower Fagerstrom dependence score, an 
intention to quit smoking, and an intention to decrease cigarette 
consumption 


Hatsukami 



,D.K., 

Addictive 

10 smokers 

Pickens, 

Behaviors 

(five male, 

R.W., 

(1988, 

five female, 

Svikis, 

volume 13, 

average age 

D.S., and 

number 1, 

of32.3 

Hughes, 

J.r. 

p.91-95) 

years) 


To determine 
the relationship 
bclweeii 
smoking 
topography and 
nicotine blood 
levels 


Pearson 

correlation 

coefficients 


* Change in pre- and post-cigarette nicotine levels and metabolic half-life 
for nicotine were not related to within-cigarette topography measures or 
nicotine yield of cigarette, but were significantly related to intercigarette 
interval * All 10 subjects demonstrated an increase in nicotine blood 
levels after smoking a cigarette * The greater the change in pre- and post 
cigarette nicotine blood levels, the longer the intercigarette interval * 
Subjects with longer half-life for nicotine have longer intcrcigaiette 
intervals 
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Hee, J.j et 
ai. 

Pharmacol 

ogy. 

Biochemist 
ry, and 
Behavior 
(1995, 
volume 52, 
number 1, 
p. 195-203) 

198 (9 
groups of 
12 subjects, 
43 males 
and 65 
females, 
mean age of 
22.7 years) 

2 sessions 

To determine 
the influence of 
cigarette yield 
and length of 
smoking 
experience on 
smoking 
behavior and 
biomarker 
levels 

Steady-state 
smokers - 

smokers who 

have never 
changed their 
class of cigarette 
throughout their 
smoking life 

BMDP 

statistical 

software 

used; 

ANOVA, 

multiple 

regression 

models 

* COHb levels after the first cigarette in the morning increase significantly 
with CO cigarette yield and length of smoking experience * In the 
evening, only tlie cigarette yield has an effect on COHB level * Only 
COHB level and total urinary nicotine metabolites (Barlow index) are 
weakly correlated with cigarette yield * The strongest correlation is 
observed between Barlow index and COHb percentage, whatever the time 
of the day * The biomarkers, except thioethers and mutagens, are more 
generally affected by consumption and smoking parameters * Inhalation 
depth increases tvith decreasing cigarette yield and with length of smoking 
habit * Biomarker levels excreted in urine are generally lower for females 
than for males and tend to increase with smoking history 

5 

n 

Heming, 
R.I., Jones, 
R.T., 

Nachman, 
J., and 
Mines, 
A.H, 

British 
Medical 
Journal 
(1981, 
volume 
283, p. 187 
189) 

24 smokers 
(14 male 
and 10 
female, 
mean age of 
30 years) 

3 test 
days 

To determine 
the effect of 
nicotine yield of 
cigarettes on 
smoking 
variables 

N/A 

ANOVA 

* Smokers took longer puffs when smoking cigarettes delivering lower 
nicotine yields than their normal brands * The number of puffe and 
interval between puffs did not differ between nicotine doses * Subjects 
took more time to smoke high-nicotine cigarettes * Increase in heart rate 
was greater with high- and medium-nicotine levels than with low * 
Increase in breath CO concentrations after subjects had smoked was 
consistent with the increase in puff volume with these cigarettes * Mean 
volume of puffs decreased with each puff * Smokers, although they 
increased puff size, were either unable or unwilling to inhale enough 
smoke to compensate completely for the reduced nicotine yield 

5 


Heming, 
R.I., Jones, 
R.T., 

Benowitz, 
N.L, and 
Mines, 
A.h. 

Clinical 
Pharmacol 
ogical 
Therapcufi 
CS(1983, 
volume 33, 
number 1, 
p. 84-90) 

11 smokers 
(8 males 
and 3 
females) 

One 

session on 
one day 
or one 

session on 
each of 
two days 

To determine 

the effect of 
smoking 
topography and 
machine- 
deterniined 
nicotine yields 
on nicotine 
blood levels 

* Puff volume- 
the volume of 
smoke passing 
through a 
cigarette holder 
* Interpuff 
itnerval - the 

time from the 
start of one puff 
to the start of the 
next * Inhaled 
volume - the 
amount of air 
and smoke 
inhaled at the 

maximum 

inspiration 

Univariate 

linear 
regression 
analysis and 
multiple 
regression 
analysis (as 
well as log- 
linear 

regressions) 

* Indirect evidence suggests that smoking low-tar and nicotine cigarettes 
does not necessarily reduce exposure to these substances * Machine- 
determined nicotine yields of the cigarettes correlated with the increase in 
nicotine blood levels aftei’ smoking but, when individual differences in 
smoking behavior were taken into account along with the nicotine yield, 
there was a stronger correlation with nicotine blood levels 

3 
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Pharmacol 

ogy. 

Hofer, I., Biochemist 
Nil, R., ty, and 

and Battig, Behavior 
K. (1991, 

volume 40, 
p. 139-149) 


72 males 
and 72 
females 


2 sessions 


To determine 
the relationships 
between 
machine 
smoking 
nicotine yield 
and different 
smoke exposure 
investigators, to 
assess the 
stability of 
dependent 
measures over 
time, as well as 
to assess the 
impact of lip vs. 

flowmeter 
holder smoking 
and the 

unrestricted vs. 
standardized 
smoking of a 
cigarette 


* Upregulation - 
intensifying 
smoking of 
"lighter" 
cigarettes * 
Down-regulation 

- reducing 
smoking 

intensity with 
"stronger" 
cigarettes * 
Nicotine titration 

- presumed 
underlying 
mechanism 

behind smoking 
compensation 


ANOVA, 

posteriori 

Scheffe- 

tests, 

Pearson 

correlations 


* For plasma nictoine, higher nicotine yield cigarettes produced higher 
presmoking levels * For plasma cotinine, higher nicotine yield cigarettes 
produced higher presmoking levels * There was no difference in 
respiratory CO for higher nicotine yield cigarettes * Pre- to postsmoking 
boosts of CO and nicotine increased with yield, but the differences were 
smalelr than those in yield * This partial compensation can be attributed to 
puffig behavior as revealed by the differences between yield classes with 
respoect to flowmeter measures (puff volume, flow parameters, number of 
puffs) * Contact condition (whether smoking with lip contact or with a 
flowmeter holder) hardly influenced results * Forced puffing revealed 
down regulation mechanisms in smoke absorption and, less pronounced, in 
puffing behavior * Cardiovascular and subjective effects were widely 
independent of yield * Plasma cotinine appeared as the best smoke 
exposure indicator, due both to its high retest relaibiiity and its relationship 
to nicotine yield I 


Kozlowski 
,L.T., 
Jarvik, 
M.E,, and 
Gritz, E.R. 


Clinical 
Pharmacol 
ogyand 
Therapeuti 
cs{1974, 
volume 17, 
number 1, 
p. 93-97) 


56 

undergrodua 
tes (32 
males and 
24 females) 


One time 


To detennien 
whether there is 
nicotine 
regulation in 
cigarette 
smoking 


* High nicotine cigarette preloads were followed by longer latencies to the 
Planned next cigarette than were the low nicotine cigarette preloads * 

comparison High nicotine gum pi eloads were followed by less puffing on the 
F tests subsequent cigarettes than were the low nicotine gum preloads * Subjects 
did light up sooner after a low nicotine cigarette than after a high nicotine 
cigarette - thus a nicotine regulation effect did occur 
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* Filter ventilation misleadingly makes cigarettes taste lighter and milder 
and, therefore, they appear less dangerous to smokers * Filter ventilation 
promotes compensation mainly by facilitating the taking of larger puffs For 
very heavily ventilated cigarettes, behavioral blocking of vents with lips or 
fingers is an additional contributor to compensatory smoking Published 
smoker exposure studies have seen little difference in biomarkers of 
exposure among smokers of Light, Ultra Light, and lowest tar brands * 
Recent reviews of the disease effects of lower standard tar cigarettes find 
little support for actual risk reduction as a result of the use of such 
cigarettes 


Extreme vent blocking was found in 27&, some vent blocking in 26%, and 
no vent blocking in 47% of butts 


* 52% of low-yield smokers admitted to having blocked the ventilation 
holes on these cigarettes at some time with either lips (20%), fingers 
(39%), or tape (20%) * Although only three smokers admitted blocking the 
holes at the present time, 41 percent gave evidence of currently blocking 
the holes * In comparison to standard assays, modified smoking machines 
with vent holes blocked show a tar increase of 15- to 39-fold nicotine 
increase of 8- to 19-tbld, and CO increase of 10- to 43-fold * 94% ° of 
participtmts said they smoke low-yield cigarettes because they thought 
them to be safer, milder, less likely to produce physical symptoms, and the 
first step to quitting * 

Participants who gave evidence of being very effective hole-blockers 
reported that they took less time to have their first cigarette of the day than 
subjects who gave no indication of being hole blockers 
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Is Nicotine 
Important in 
Tobacco 
SraoktaR? 


I Kumar, R.,| 
Cooke, 
E.C., 
Lader, 
M.H., and 
Russell, 
M.A.H. 


Clinical 
Pharmacol 
ogy and 
Therapeuti 
cs (1976, 
volume 21, 
number 5, 
p. 520-529)1 


12 smokers 
(seven 
males and 5 
females) 


3 sessions 


To determien 
whether 
nicotine intake 
is the basis for 
the tobacco¬ 
smoking habit 


N/A 


Multivariate 
analyses and 
ANOVA 


* Subjects differed considerably between themselves in their rates of 
puffing, but individual rates tended to remain broadly stable during the test 
session * Inhaled doses reduced the volumes subsequently puffed in an 
orderly manner * Roughly similar doses of nicotine, given 
intravenously, completely failed to alter subsequent smoking as measured 
by volumes puffed * Inhaled doses systematically reduced the speed to 
the first puff; intravenous nicotine did not * Heart rate was systematically 
altered by doses of the drug * Beta EEG activity was increased with 
increase in nicotine (both smoking and intravenously) * The lack of effect 
of intravenous nicotine on smoking cannot be ascribed either to madequate| 
dosage or to a failure of the drug to enter the blood and the brain 



Lader, M. 


British 
Journal of 
Clinical 
Pharmacol 
ogy (1978, 
volume 5, 
p. 289-292)1 


N/A 


N/A 


To review 
studies on 
nicotine's effect 
on smoking 
behavior 


♦Nicotine -at 
higher doses 
depresses the 
activity of 
cholinoccptors in 
autonomic ganglia 
and nueromuscuiar] 
junction; releases 
catecholamines; 
depresses spinal 
reflexes, excites 
respiration through! 
stimulation of 
carotid body, 
activates 

eleciroeucepbalogi 
a; increases slow- 
wave 

electroencephalogr 
aphic activity, 
decreases alpha 
activity, increases 
beta activity; 
increases heart 
rate, blood 
pressure, muscle 
blood flow, skin 
blood flow 
inhibition, and 
adrenaline 
excretion 


N/A 


♦ Smoking improves performance in the low-arousal test in the low-arousal smokers 
(those who smoke to alter themselves or to combat boredom) but slightly impaired itj 
in the high-arousal smokers (those who smoke to calm themselves) and vice-versa 
for high-arousal tasks ties under low-aiousal condition, but nitoctine intake altered 

* Withdrawal and tolerance effects are seen, but whether they are related solely to 
nicotine is unknown * There is a decrease in the number of cigarettes smoked, time 
smoked, and puff frequency with an increase in nicotine yield ♦ It is impossible for 
the average smoker to increase his smoking sufficiently to compensate fully for the 
low content of low-nicotine cigarettes * The number of cigarettes per day of 
smokers is unaffected by tar content ♦ Smokers detected differences in the strength 
of cigarettes based on nicotine and not tar content * Nicotine gums have varied 
effects on smoking behavior ’* Forced intake of nicotine by injection not as strong 
as should be * Cotinine and urinary pH measurements good indicators 
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Modeling 


History; A 
Comparison of 
Different 
Approaches 


, „ . American 640 primary 
Leffondre, , , „ , 

j, Joutnal of lung caases, 

., Epedimiolo 

Abrahamo 

, volume 
Siemiatyck ^ 

number 9, 

813-823) 


430 
population 
controls, 
and 485 
cancer 
controls 


1979- 

1985 


To elucidate the 
impact of 
several 
decisions that 
must be made 
when modeling 
smoking 
variables 


* Smoking status 

never/cmrent/exs 
moker * 
Smoking 
intensity - 
number of 
cigarettes or 
packs smoked 
per day 


Adaptation 
of Cox's 
model 


* The estimated hazard ratios for enrrent and ex-smokers depend strongly on how 
long subjects are required to not have smoked to be considered "ex-smokers" * 
When the aim is to estimate the effect of continuous smoking variables, it may be 
preferable to discount some recent exposure and use a cutoff of approximately two 
years fbr defining ex-smokers * Using intensity and duration as separate variables 
may lead to a beter model fit than using their product (cigarene-years) * The effect 
of intensity was significantly stronger among current smokers than among ex¬ 
smokers, whereas the effect of duration was signifcantly lower * Among cun'ent 
smokers, using cigarette-years underestimates the impact of intensity and 
overestimates the impact of duration * When estimating the effects of time since 
cessation or age at initiation, it is still useful to use cigaretfe-years, because it 
reduces multieollinearity * Of 40 articles published in 2000, there was considerable 
variation in both the nature of the data collected on smoking history and the way the| 
data were used in analyses 






Smoking‘‘ ' 
B^avior and 
D^graphlt; 
Variables ' 


Moody, 

P.M. 



Soe. Sci. 

Med, 
(volume 
14, p.49- 
54) 



To determine 
the relationship 
between aspects 



517 

smokers 
(mean age 
of39.1) 

Survey 

of smoking 
behavior and 
sex, race, age, 
education, 
income and 
socioeconomic 

N/A 

Product- 

moment 

correlations 





status 




* Patients firom lower socioeconomic groupings had a greater number of 
puffs, shorter intervals between puffs, larger puff diuation, shorter cigarette] 
butts, and more daily tar and nicotine intake than the subjects from upper 
socioeconomic groupings * Males and older patients had longer puff 
duration, greater puff volume and more daily tar and nicotine intake than 
their counterparts * Relatively large standard deviation on all parameters of] 
smoking behavior suggests much variability in "how" and "how much" 
people smoke * The characteristics of the cigarettes smoke were very 
different in various countries * Income and education levels were negative 
associated with number of puffs per cigarette * Whiles had longer puff 
duration than non whites and had higher levels of tar and nicotine intake * 
The average puff duration of 2.12 seconds was significantly higher than 
reported in previous studies 


PMUSA [Confidential] 


Review of Articles on Smoking Behavior 


Phan 17,2/3/2004 


Source: https://www.industrydocuments.ucsf.edu/docs/ygmj0001 












PM3003732563 



Source: https://www.i 


* Pre- to postsmokmg CO boost remained unrelated to the smoke 
deliveries of the cigarettes in both comparisons (interindtvidual and 
Multiple switching) * Estimated mouth intake of nicotine was strongly dependent 
regression on the smoke yield variables of the cigarette but remained uncorrelaled 
analysis, with CO absorption ♦ Discrepancies between mouth smoke intake and 
cross- alveolar smoke absorption could not be explained by the volumes or 3 

sectional durations of the postpuff respiratory cycle * Females had a lower blood 
correlations, pressure and smoked lighter cigemettes than men * Tlierc was an increases 
t-tests In puif volume with the lighter cigarettes * There was some compensation 

for differing nicotine yields, mainly among puffing variables * There were 
some sex differences in how cigarette yield affected smoking behavior 


* High CO absorbers differed from low CO absorbers by more intensive 
patterns of puffing and respiratory inhalation, by higher daily cigarette and 
coffee consumption, by lower alcohol consumption, by shorter latencies to 
the first cigarette in the morning, by greater subjective need for smoking 
and by lower scores for healthy eating habits * No intergroup differences 
were observed for smoking induced heart rate acceleration * The high CO 
N/A absorbers were significantly older than the low CO absorbers; however, no 3 

evidence was found that any of the differences in smoking style between 
the two extremes might be related to their difference in age * No 
differences were seen in cigarette strengths, in personality or in coronary 
prone behaviour as assessed by means of standardized questionnaires in all 
subjects * Nicotine plays a more important role in smoking motivation 
among the high than among the low CO absorbing smokers 
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Paterson, 
F., etai. 

Cancer 

Epidemiolo 

gy. 

Biomavkers 
, and 

Prevention 
(2003, 
volume 12, 
p. 468-471) 

190 

treatment¬ 
seeking 
smokers (95 
males and 
95 females, 
median age 
of 45.9 

years) 

One time 
(two 
smokes, 
40 

minutes 

apart) 

To investigate 
the 

demographic, 
smoking status, 
and 

psychological 
predictors of 
nicotine boost; 
Specifically to 
determine 
whether 
negative affect 
would be 
associated with 
higher levels of 
nicotine boost 
(presumably to 
attenuate 
negative mood 
symptoms) and 
whether African 
Americans and 

males would 
have higher 
nicotine boost 
levels than 
Caucasians and 

women 

Nicotine boost - 
the increase in 
levels of blood 
nicotine that 
occurs from 
smoking a single 
cigarette; an 
individualized 
measure of how 
much nicotine 

has been 

extracted from 
smoking a 
cigarette 

ANOVA, l- 
tests, 
Pearson 
correlations, 
and linear 
regressions 
models 

* Positive affect (mood) was a significant positive predictor of nicotine 
boost, controlling for baseline cotinine levels and cigarette brand nicotine 
delivery * Peek seekers may be seeking more positive reinforcement from 
smoking, such as modulation of arousal * Race was a significant predictor 
of boost for the comparison of African-American with Caucasian 
participants * Age was marginally associated with nicotine boost, but 
gender, education, and body mass index were not * 

Smoking rate and cotinine level were marginally associated with boost, 
whereas nicotine/cotinine ratio, menthol/nonmenthol brand, cigarette type, 
and nicotine dependence were not * Negative affect and depression 
symptoms were not related to nicotine boost 

4 

lilW! 

Pickworth, 
W.B., 
Mookhan, 
E.T., 
Verlin, L, 
and Murty, 
R. 

Pharmacol 

ogy. 

Biochemist 
ry, and 
Behavior 
(2002, 
volume 71, 
p. 55-61) 

18 menthol 
and 18 
nonmenthol 
cigarette 

smokers 
(mean age 
of32.6 
years) 

3 

cigarettes 

smoked 

45 

minutes 

apart 

To determine 
the influence of 
menthol and 
nicotine yield 
on the sensory 
and physiologic 
effects of smoke 
delivered 
nicotine 

N/A 

Repeated 

measures 

ANOVA, 

Greenhouse- 

Geisser 

epsilo 

adjustment, 

Bonferroni's 

method 

* Commercial and high- 3 deld cigarettes increased heart rate and blood 
pressure more than low-yield cigarettes; although, no differences in 
exhaled carbon monoxide occurred * Participants smoked average yield 
commercial cigarettes faster and with fewer puffs than either of the 
research cigarenes (high and low yield) indicating production difference 
can affect topography * High-yield nonmenthol cigarettes reduced craving 
and were rated as more satisfying than high-yield menthol cigarettes * No 
differences between menthol and nonmenthol cigarettes on other 
subjective measures (strength, physiological reward, negative effects) were 
observed * Nicotine delivery, but not mentholation, influences 
cardiovascular and most subjective measures 
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Examining the 
Relation 
between Usual- 
Brand 

Nicotine VIeld, 
Blood Cotiniue 
Concentration, 
and the 
Nfcotine- ■ 
"Compensatfei;: 
n" 





Psychopliar 

Pritchard, 

macology 

W.S., and 

(1996, 

Robinson, 

volume 

J.H. 

124, p. 282 


284) 


Compirtreitl’^e: 

AmoiurilflT 

Absoripii-fi^ 

u»w'r^i<i 


Eight data 
sets 


N/A 


To determine 
whether or not 
the nicotine- 
"compensation" 
hypothesis 
holds true based| 
on a review of 
eight studies 
examining the 
effect of 
nicotine yield 
on blood 
cotinine levels 


Nicotine- 
"compensation" 
hypothesis - all 
smokers achieve 
a specific level 
of nicotine in 
their blood, 
regardless of the 
FTC nicotine 
yield of the 
cigarette smoked! 


Linear 

regression 

analysis 


* There is wide variability in blood concentrations over the range of FTC 
nicotine yields * The nicotine-compensation hypothesis is not supported * 
On average, blood cotinine concentrations are found to be roughly niidway| 
between complete compensation and the value expected if there was no 
compensation * As a result of individual smoking behavior differences the 
data indicate that on average, smokers achieve roughly 50% lower blood 
cotinine concentrations than predicted by die nicotine compensation 
hypothesis * Long-term switching to a lower-yield brand involves a 
transient phase where compensation is high followed by a steady-state 
phase where compensation is lower * Studies indicate that switching to a 
lower-yield cigarette for several weeks does result in a significant drop in 
blood cotinine concentration - may be even more profound in voluntary 
switchers * Data indicate that on average a smoker switching from a 1.0 
mg product to a 0.5 mg product would, after several weeks of adjustment, 
achieve a 25% reduction in nicotine intake 



Robinson, 

British 

J.C., 

Journal of 

Young, 

Addiction 

J.C., and 

(1982, 

Rickert, 

volume 77, 

W.S. 

p. 383-397) 


22 smokers 


8 weeks 


To determine 
levels of non- 
invasive 
exposure 
measures with 
low yield 
cigarettes to 
identify 
compensation 
effects 


N/A 


Two 

interaction 
cotnrasts and 
ANOVA 


* The non-invasive exposure measures employed (average number of 
cigarettes per day, daily mouth level nicotine intake, butt length, expired 
air carbon monoxide and saliva thiocyanate) demonstrated that the almost 
complete compensation of the treatment group was achieved with a 
combination of increased cigarette consumption, smoking intensity, and 
depth of inhalation * Compensation occurred through increase in cigarette 
consumption, increase in puff intensity, and hole blocking Expired air 
carbon monoxide and saliva thiocyanate levels remained the same during 
all three periods 


Rose. J.E,, 
Sampson, 
A., Levin, 
E.D., and 
Henningfiel 
Id, J.E. 


Pharmacol 

ogy, 
BiochemistI 
ry, and 
Behavior 
(1989, 
volume 32, 
number 4, 
p, 933-938)1 


8 male 
smokers 


Five 

sessions 


To determine 
the effect of 
mecamyiamine 
on nicotine 
preference 
(discrimination, 
intake, 

enjoyment, and 
desire) 


Mecamyiamine -| 
a nicotinic 
receptor blocker 


ANOVA 


* When the subjects evaluated puffs of smoke with high and low nicotine 
content, mecamyiamine caused a dose-related decrease in the self-rated 
strength and harshness of the high nicotine dose level smoke * In contrast, 
there was little effect of mecamyiamine on the low dose smoke * At the 
highest mecamyiamine dose (20 mg) there was no significant difference in 
the ratings of high and low nicotine cigarettes * Low doses of 
mecamyiamine decreased the reported desire for a cigarette, and also 
attenuated the reduction in desire for a cigarette caused by smoking * 
When the subjects were allowed to select their preferred level of nicotine 
intake using a smoke mixing device, the 10 and 20 mg doses of 
mecamyiamine caused a significant increase in self-administered nicotine 
level * Despite this compensatory increase in nicotine self-administration, 
the reduction in desire for a cigarette after smoking was still less than after ^ 
_ placebo 
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Sutton, 
S.R., et al. 

British 

Medical 

Journal 
(1982, 
volume 
285, p. 600 
603) 

55 smokers 

One time 
(during 
afternoon 

or 

evening) 

To examine the 
relationship 
between 
cigarette yields, 
puflBng patterns, 
and blood 

nicotine and 
COHb 

concentrations 
in a sample of 
smokers 
smoking their 
usual brand of 
cigarette 

N/A 

Regression 

analysis 

* Total volume of smoke puffed from a cigarette was a more important 
determinant of peak blood nicotine cocnentration than the nicotine or tar 
yield of the cigarette, its length, or the reported nubmei of cigarettes 
smoked on the test day * When nicotine yield was controlled for, smokers 
of lower-tar cigarettes not only puffed more smoke from their cigarettes 
than smokers of highet-tar cigarettes but they also had higher plasma 
nicotine concentrations, suggesting that they were compesnating for the 
reduced deliveiy of tar by puffing and inhaling a greater volume of smoke 
* The results based on carboxyhemoglobin concentrations were consistent 
with this interpretation * CO yield was the onyl variable to have a 
signficiant effect on carboxyhemoglobin levels * Subjects who had not 
smoked &r more than half an hour tended to puff more intensely * Older 
people puffed less than younger people and women puffed more than men 

5 


Weichold, 
L.L., and 
Stitzer, 
M.L. 

Pharmacol 

ogy, 

Biochemist 
ry, and 
Behavior 
(1989, 
volume 33, 
number 4. 
p. 853-858) 

6 smokers 
(mean age 
of36.3) 

27 

smoking 
trials for 

first 

experime 
nt, 9 trials 
for 

second 
experime 
nt (3 trials 
per day) 

To fiuther 
clarify how 
smoking 
behaviors (puff 
number and 
puff spacing) 
can influence 
biological 
exposure to CO 
from 

commercial 
brand cigarettes 

N/A 

ANOVAs, 
Tukey's post- 
hoc tests 

* CO exposure (pre- to postsmoking increments) was directly related to the 
number f puffs taken for all cigarette yields * CO exposure from the high- 

and low-yield cigarettes was equivalent when the number of puffs taken 
from the low-yield cigarettes was increased by 50% * In contrast, CO 
exposure fiom ultralow-yield cigarettes was still marginally lower than 
exposure from high-yield cigarettes after a 4-fold increase in puff ntunber 

* Puff spacing did not affect biological exposure to CO * The number of 
puffs taken during smoking can clearly affect biological exposure to CO, 
but compeusation for lowered yield using increased puffs is much more 
difficult when ultralow- as compared with low or "light'-yield cigarettes 

are smoked 

4 

■P! 

m' 
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study 1:6 

smokers in 


rtiales and 




* Study 1: 
One week 

to 

establish 
baseline, 
once per 
week 
during 
I withdrawal! 
, and at 2- 
week and 
6 -week 
intervals 
after 
treatment 

♦ Study 2; 
two 2-hour| 

sessions 


To better 
understand 
nicotine 
regulation 
by studying! 

puff 
patleius of 
smokers 
when they 
are 

smoking 
cigarettes 
that vary in| 
nicotine 
yield, or 
when they 
have the 
same 
cigarette 
available 
but serum 
nicotine 
levels are 
lowered 
during 
withdrawal 
or 

deprivation 


" I here 
were 

adjustments 
In smoking 
behaviors 
when 
cigarettes 
that vary in 
nicotine 
delivery 
were used, 
but not 
when serum 
Inicotine was| 
modified by 
withdrawal 
or 

deprivation 
* Inhalation 
patterns of 
individual 
cigarettes 
may not be 
sensitive to 
fluctuations 
in serum 
nicotine, 
while they 
are sensitivel 
to cigarettes 
that vary in 
nicotine 
yield and 
draw 

reaistanceJL 


* Subjectsj 
were 
asked to 
monitor 
and reportj 
urges to 
smoke, 
where and 
with 
whom a 
cigarette 
was 

siiiukcd, 
and their 
general 
mood * 
Pressure 
transducer! 
used to 
measure 
number ofj 
puffs per 
cigarette, 
length of 
time 
smoking 
the 

Cigarette 
assessed 
fiiom first 
to last 
puff, 

mean puflj 
duration, 

_ tfitfll _ 


ANOVA, 
Pearson product] 
moment 
correlation 
procedures 
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* Human 

* Nicotine 






cigarrete 

can 






smoking is 

maintain 






an orderly 

self- 






form of 

administr 






drug self- 

ation in 






administrati 

animals * 






on which is 

There is a 






responsive 

suppress! 






to a variety 

on of 






of 

smoking 






pharmacolo 

after the 






gical 

administr 






manipnlatio 

ation of 





To report 

ns * To the 

nicotine 





on the 

extent that 

antagonist 





pharmacolo 

smokers 

s and after 





gical 

regulate 

the 





effects of 

their smoke 

substituti 





cigarette 

intake, low 

on of 





smoking 

yield 

nicotine- 






cigarettes 

free 






may 

cigarettes 






produce 

* Ratings 






compensatm 

of 






g increases 

strength 






in smoking 

and 






which, in 

satisfactio 






turn, 

n increase 






increase 

with 






exposure to 

increasing 






some of the 

nicotine 






toxic 

dose * 






components 

When 






of * 

OYr.rp.tion- 
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10 smtikm-r; 
(flvc 

femd1«^ 


Seven davs 



To 

determine 

the 

rektionshi 
p hetween 
smoking 
topography 
and 

nicotine 

blcxjcl 

levels 


tnange m 
pre- and 
post- 
cigarene 
nicotine 
levels and 
metabolic 
haif-lite for 
nicotine 

were not 

related to 


within- 

♦Blood 

cigarette 

samples 

topography 

analyzed 

measures or 

for 

nicotine 

nicotine 

yield of 

by 

cigarette. 

raidoimm 

but were 

imoassay 

significantly 

* 

related to 

Topogr^ 

intcreigarett 

hi cal 

e interval * 

features 

All 10 
subjects 
demoiustrate 
d an 

increase in 
nicotine 
blood levels 

after 

smoking a 
cigarette * 
The greater 

measured 


Pearson 

correlation 

coefficients 


Inck of between-l 
subject 
variability in 
cigarette 
smoking yield; 
device for 
measuring 
topography not 
the iTiost accuratel 
measure 
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To 

, smoking 

detennme 

, expenenoe 

, J * * In the 

influence 

„ . evening, 

of cigarette , 

.iddand 

2 sessions ,, yield has mi 
smoking ^ _ 

. enect on 

experience cqhb level 
on smoking , 


levels after 
the first 
cigarette in 
the morning 
borease 
significantly 
with CO 
cigarette 
yield and 
length of 
smoking 
experience 
* In the 
evening, 
only the 
cigarette 


number, 
mean puff 
duration, 
mean pufi 
volume, 
total 
smoke 
volume, 
mean puff 
interval, 
and total 
smoking 
duration 
measured 
with 


BMDP 

statistical 


flowmetCT software used; 
associated ANOVA, 


behavior 

and 

biomarker 

levels 


• Only 
COHB level 
and total 
urinary 
mcotine 
metabolites 
(Barlow 
index) are 
weakly 
correlated 
with 
cigarette 
yield *The 
strongest 


with 
cigarette 
holder * 
COHb 
was 

measured 

indirectly 

liomihe 

CO 

concentrat 

ion 

analyzed 

hy 

infrared 
spechrome 
trv in end 


multiple 

regression 

models 


The absence 
of significant 
diflbcnces due 
to cigarette class 
in urinary 
biomarkers can 
be explained by 
changes in 
inhalation depth, 
individual 
differences of 
metabolism, and 
limited 
specificity of 
some markers 
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or 


To 
determine 
the 

relaiioiishi 
ps between 
machine 
smoking 
nicotine 
yield and 
different 
siTtoke 
exposure 
investigator 
S,to assess 
the stability 
Of 

2 sessions dependent 
measures 
over time, 
as well as 
to assess 
the impact 
of lip vs. 
flowmeter 
holder 
smoking 
and the 
unreslticte 
d vs. 

standanlize 
d smoking 
of a 

: cigarette 


plasma 
nictoine, 
higher 
nicotine 
yield 
cigarettes 
produced 
higher 
presmoking 
levels * For 
plasma, 
cotinine, 
higher 
nicotine 
yield 
cigarettes 
produced 
higher 
presraoking 
levels * 
There was 
no 

difference in 
respiratory 
CO for 
higher 
nicotine 
yield 

cigarettes * 
Pre- to 
postsmokin 
g boosts of 
CO and 


nffiasured 
with a CO 
analyzer 
* Nicotine 
and 

cotinine 


plasnm 

were 

determine 

dbyaGC 

MS 

method * 
The 

amoinrt of 
nicotine 
in the 
filter was 
detennine 
d by a GC 
uisthod * 
Puffing 
behavior 
was 

recorded 
automatic 
ally using 
a 

flowmeter 


Variability in 
measures 
depends 
considerably on 
sampling 
circumstances; 
possible that the 
smokers were 
already "low 
absorbers" ; 
amount of 
tobacco smoked 
per cigarette 

ANOVA, varied; smoking 
posteriori with a cigarette 
Scheffe-tests, holder instead of 
Pcatsoii normal lip 


Pcatsoii 

coiTelations 


contact changes 
some aspects of 
srraAe 
absorption, 
puffing behavior, 
and subjective 
effects of 
smoking; acute 
tolerance; 
emotional load 
caused by the 
implanted 
intravenous 
catheter 


PMUSA[Coiifideiitia]J 


Review of Articles on Smoking Behavior 


Phan 36, 2/3/2004 


Source: https://www.industrydocuments.ucsf.edu/docs/ygmj0001 




PM3003732576 




- 1 . 

-¥- 



Metitholate 

Qiicstionn 



d cigarettes 

aire on 



produced a 

demograp 



significantly 

hies and 



greater 

current 



boost in CO 

smoking 



* 

habits 



Mentholate 

give * 



d cigarettes 

Fagerstto 


To assess 

decreased 

m 


the effect 

average and 

Tolerance 

I 

of menthol 

total 

scale and 


versus 

cumulative 

Stanford 


regular 

puff 

Dependen 


cigarettes 

volumes 

ce scale 

2 sessions 

on select 

and 

given * 

of 1-2 

cheruical 

increased 

Ouestiomi 

hours each 

and 

mean puff 

aire about 

1 

topograph! 

flow rates oi 

motivatio 

1 

c 

inhaled 

n for 

1 

parameters 

smoke * 

smoking 


and 

'rhCTe was 

given ♦ 


according 

HO 

Spiromete 


to race 

significant 

r testing 



differences 

was given 

i 


in depth of 

prior to 

f 


inhalation 

test *The 

c 


of the 

cigarette 

i 


smoke or in 

holder 



the amount 

was fitted 

f 


of insoluble 

with a 

, 


smoke 

pressure 



particulates 

transducer 

' 


df.livf.red to, 



Subject j 
averages taken; i 
inhaled volume; 
adjusted to get; 

forced vital 
capacity; 3-way 
ANOVAs 
perfomied 
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One 90 


postsmokin 
g CO booii 
remained 
unrelated to 
the smoke 
deliveries of 
the 

cigarettes in 
both 

coirtparisons 

(interindivid 

. , ual itnd 

determine ... ^ 

the effect 

p „ ♦Estimated 
ot cigarette 
, ,, mouth 

yields on . , . 

intake of 
topograpnv . . 

nicotine tvas 
measures, , 

,. stronely 

smoking , ^ 

, , . dependent 

behavior, . 


intake of 


and 

smoking 

absorption 


nicotine tvas 
strongly 
dependent 
on th e 
smoke yield 
variables of 
the cigarette 
hut 

remained 
un correlated 
with CO 
absorption 

* 

.Discrepanci 
es between 
mouth 
smoke 


^ /vpun 
flowmeter 
with a 
pressure 
transducer 
and 
digital 
analyzer 
were used 
to 

determine 
pufif 
volume, 
puff 1 
duration, ’ 
puff 
interval, 
peak 
pressure, 
latency to 
peak 
pressure, 
and peak 
flow * 
Standard 
machine 
smoking 
data was 
used to 
estimate 
CO and 
nicotine 
mouth 
intake ♦ 


SPSS and 
BMDP software 
was used; cross- 
sectiona! 
conelation.'i; 
coniparisons of 
means by ttest 
method; 
multiple 
regression 
analysis 


Subjects 
recognized low 
yield cigarettes 
immediately and 
rated them as 
less satisfactory 



PMUSA [Confidential] 


Review of Articles on Smoking Behavior 


Phan 40, 2/3/2004 


Source: https://www.industrydocuments.ucsf.edu/docs/ygmj0001 




PM3003732580 







PM3003732581 




PM3003732582 






’ J o(al 

’ Subjects 



volume of 

kept a 



snioke 

record of 



puffed from 

their 



a cigarette 

cigarette 



was a mare 

consunipti 



imponanf 

on tliat 



detenninant 

day up 


To examine 

of peak 

until the 


the 

blood 

time of 


relatioiishi 

nicotine 

arrival 


p between 

cocnentratio 

and 


cigarette 

n than the 

collected 


yields, 

nicotine or 

a sample 


puffing 

tar yield of 

of their 

One time 

patterns. 

the 

butts * A 

(dul'ing 

and blood 

cigarette, its 

puff 

afternoon 

nicotine 

length, or 

analyser 

or 

and COHb 

the reported 

wasus«i 

evening) 

ooncenhfiti 

nubmer of 

fo 


ons in a 

cigarettes 

measure 

I 

sample of 

smoked on 

number of 

\\ 

; 

smokers 

the test day 

puffs 


smoking 

* When 

taken, the 

I 

j 

their usual 

nicotine 

volume. 

I 

brand of 

yield was 

pressure 

I 

cigarette 

controlled 

and 



for, smokers 

duration 



of lower-tar 

of each 



cigarettes 

puffj the 

; 


not only 

itnerpuff 



puffed more 

intervals, 



smoke from 

and the 

■ 


their 

time taken 

■4 


eicrararfftg 



Regi’ession 

Analysis 
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27 

smoking 
trials for 
first 

experiment 
, 9 trials 
for second 
experimeiil 
(3 trials 

per day) 


To fiirther 
clarity how 
smoking 
behaviors 

(puff 

number 
and puff 
spacing) 
can 

inilueuce 
biological 
exposure to 
no from 
commercial 
brand 
cigarettes 


exposure 
(pre-to 
postsmokin 
g 

incranents) 
was directly: 
related to 
the number 
f puffs taken 
for all 
cigarette 
yields *CO 
exposure 
from the 
high- and 
low-yield 
cigarettes 
was 

equivalent 
when the 
number of 
pufls taken 
from the 
low-yield 
cigai'cttcs 
was 

increased by 
50% *Jn 
contrast, CO 
exposure 
flxwn 
ultralow- 
yield 


respirator 
y cycles 
were 
recorded 
in real 
time ♦ 
Puff 
number, 
interpuff 
interval, 
puff 
volume, 
inhalation 
duration, 
inhalation 
volume, 
and lung 
exposure 
duration 
were 
measured 
with 

flowmeter 

and 

Rcspitrac 
e outputs 
* Expired 
end-air 
CO 

samples 
analyzed 
for CO 


ANOVAs, 
Tukey's post- 
hoc tests 


It is possible that 
puff flow rates 
may influence 
exposure and 
that nicotine 
levels might 
show effects that 
are not seen with 
CO analysis 
alone; 
respiratcay' 
system may not 
be able to absorb 
all the CO 
available from 
smdte of high- 
yield cigarettes 
during brief lung 
exposure times 
characteristic of 
cigarette 
smoking; filier- 
vent blocking 
plays a role in 
compensation 
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Obc time 


To 

detemiine 
the efifcct 
of puffing 
on nicotine 
intake and 
coinpeusati 
on 


^MnoKers 

’ tach 

of cigarettes 

puff at a 

with high- 

cigarette 

retention 

was 

filters took 

recorded 

more 

by an 

frequent 

observer 

puf& and 

and time 

obtained 

of Starr 

nearly the 

and finish 

same 

of each 

amount of 

cigarette 

nicotine as 

was noted 

smoker.s of 

« 

cigarettes 

Cigarette 

with low- 

stubs 

retention 

were 

filters, both 

analyzed 

while 

for 

performiDg 

nicotine 

the tasks 

content 

and during 

(nicotine 

the resting 

presented 

period * 

to 

Smokers of 

smoker) 

both types 

* 

of cigarettes 

Respirator 

took 

y rate was 

significantly 

measured 

morepuflfe 

by 

and 

impedanc 

obtained 

e 

more 

pneumogr 

nicotine per 

aphyby 


Hcsts 
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— 



shape, puff 

cigarette 



volume, line 

holder- 



puff 

puffing 



frequency 

flow 



accounted 

meter was 



for about 

used to 


To 

50% of 

determine 


comjKare 

variation 

puffing 


puffing 

ohtainal 

flow and 


behavior 

with the 

pressure 


quantitativ 

different 

* Module 


ely across 

pufBiig 

developed 


smokers of 

variables * 

to analyze 


different 

Expiratory 

puff 


types of 

tidal CO 

volume. 


cigarettes 

levels 

puff 


and to 

increased 

duration, 


estimate 

with the 

peak 


inhalation 

number of 

pressure, 


by measure 

cigarettes 

latency to 


both CO 

smoked 

peak 


yield of the 

before tlie 

pressure, 


cigarettes 

tests and 

and 


and CO 

with the 

interval 


leveLs in 

intensity of 

from the 


expiratory 

the smoking 

preceding 


tidal air 

habit, but 

piiiT * 



pre-to 

Expirator 



postsmokin 

y tidal ah’ 



g change in 

collected 



tidal CO 

and 



differences 

analyzed 



were similar 

with 



fi-ir srnnVf-rc 

...Amhicnt I 


Correlational 
analysis; factor 
analysis; 
discriminant 
analysis; and 
partial 
correlation 
procedures 


Intersex 
diilciences in 
puffing behavior! 
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-*- 


puffing 

Questionn 


topograpliy 

airc on 


variables, 

health. 

To 

interpuff 

sntoking 

determine 

interval 

and drug 

if 

appeared to 

usage, 

differences 

be the 

and 

in puffing 

primary 

alcohol 

topography 

determinmt 

and coffee 

were 

ofWood 

consumpti 

associated 

concentratio 

on * 

with 

ns of smoke 

Pressure 

cigarette 

constitutent 

transducer 

yield and 

s * 

attached 

to 

Smokers of 

to 

determine 

low nicotine 

cigarette 

the 

yield 

holder 

relationshi 

cigarettes 

used to 

ps of 

partially 

calculate 

puffing 

cojnpesnate 

the 

topography 

d for these 

number of 

with 

lowCT yeilds 

puffs per 

population 

by 

cigm'ette, 

or smoking 

increasign 

interpuff 

history 

the ttoal 

interval, 

characterist 

volume 

duration 

ics and 

puffed per 

and 

smoke 

cigarette * 

volume of 

exposure or 

Observed 

eachpuffi 

absorption 

fifferences 

mean 


in puffing 

volume 


topography 

and 


associated 

duration 


_adth_ 

..nen.Tnifi:.,. 



viiNOVA, 
univariate and 
multivariate 
analyses 


Cigarette holder 
pneumotachogra 
ph, smoking 
setting, and time 
since last 
cigarette can 
influence puffing 
behavior; 
interindividual 
variability 


PMUSA [Confidential] 


Review of Articles on Smoking Behavior 


Pimn 25.2/3/2004 


Source: https://www.industrydocuments.ucsf.edu/docs/ygmj0001 


PM3003732588 





PM3003732589 






